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(54) Ink jet recording material containing cationic resin, and recording method 



(57) An ink jet recording material appropriate to ink 
recording, preferably pigment ink recording, has an ink 
receiving layer formed on a support and including a pig- 



ment containing amorphous silica, alumina and/or alu- 
mino silicate, a binder, and a cationic resin having a cat- 
ion equivalent of 1.5 to 6 milli equivalent/g, as deter- 
mined by a colloid titration method. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



10 



15 



20 



25 



30 



35 



40 



a , e co,di„g mMhod us.rig the ,ecc»ri,r,g ma s ^^ v ^ C S, a rt, yt ,, usin9 a coloring pigm.nt<*x»ng 
2 Description ot the Related Art 

[00 0 2 ] With the progress o, ink jet counters in P~™J ^iSSlSi^SS; 
possible toprovide high dignity ink ^^^^^^^ material is required to exhibit further 
chroma and appearance of the pr.nts and the qualrty ot he y d resolvjng powe r, and chroma 

improved recording properties Particular.y. in respooseto h e.nc ^ s ^^ ^ opertjes , such as an enhanced 

o, me images, the recording material ^^f 6 ^' ^ con r S pro erty and aninK b.otttng-preventing property, 
ink-drying property, an ink absorbing capacrt* a ^dot-siz J een developed . For examp.e, Japanese 

SiTo; mS b 0 y to large width P"*^!^™^ - * a — - — * *** 

[0003] The ink jet printer is very easy to operate and J^e 'or | pnnt, g ^ necessary 

guished from another printers using printing J^^'^ » advertisement, a plotter, which can print 
"mages and by a quick operation, in a "^ -""J; Q ink mages for advertisement use with such a high 
in a large width, is usually used. The plotter must be ab e to pnnt ink ^,mag ^ ^ ^ )o Reep 

clarity that the printed images can be clearly ^^^^^^^^^ for ,he ink jet printing 
, he ,mages in a h,gh-clari,y condition overs long per ed o d-sptey ^oweve ^ ^ ^ ^ 

is a dye ink wh.ch is oxidized under ultraviolet ray-.rradat.onj or by hgs J een attem p,ed by Japanese 

advertisement display is digraded. To ^^^^ 7 ^^iL dye ink by a coloring pigment ink 
Unexamined Patent Pubhcations ^J^^^Z^ P nQ(ed ^ {here , g a djfference in the 

having a higher light fastness than that of the * e ■J^J^J^ the co ioration by the dye ink is effected by 
coloring mechanism between the dye .nk and th p.gment ^J^^ t cM6on by the pigment ink is carried out 
dying the .nk receding layer with a low '"'^^^S^^^ Lee, and thus the necessary properties 
by spreading or placing pigment ^particles over ink-recording material. Also, the molecular 

for the dye ink-recording ma era a re 

weight of the pigment is ^^^^^^^^S^sn, o1 the low molecular dye with the ink rece.v.ng 
the blotting of the ink is quite different from the feac ^ n ^^™ f JJ js not appropr i a te to the pigment ink and 
,ayer, and thus the conventional ink ^^^jS^cSS^S^ a sufficient blot-resistance, 
cannot record thereon pigment images ^ a J^S^S^^-. adhesive layer formed on the backside of 
[0004] When the ink jet recording matenah used as a tab* havu g on ^ ^ are 

. rqu-r;e 9 x^ 

Le an unsatisfactory color density in ^"^^^^^gJS density of the printed ink images, the 
is applied in an increased amount to the .nk receiving layer to »J*anoBtt» y . easj|y become 

so resSLn. ink images exhibit a poor color fastness to rubb.ng ^J^^^^jU. the pigment images have 
„ g h<erand,henon-prin,ed portions of the ^^^"^^^^^ images are easily blotted. The 
a poor co.or fastness to water and thus, "jT^jJ^JS pigment ink is not fully fixed to the record.ng 

«- ~ — CM so,ve me 

J^e^^^^^ - ^ - — " reCOrd6d ,hefe0n ,n 
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Japanese Unexamined Patent Publication No. 55-66,976, the water resistance of the disperse dye images is enhanced 
by using, as a solvent for the ink, a volatile organic solvent and jetting imagewise the resultant dye ink toward the 
recording surface. However, in the system in which the water-resistance-enhancing agent is applied, the printing mech- 
anism becomes complicated and unless the liquid absorption capacity of the ink receiving layer is fully increased, a 
$ bleeding phenomenon, in which the ink images are blotted, occurs. 

[0007] Further, in the system using the water resistance-enhancing agent, a maintenance not only for the ink but 
also for the water resistance-enhancing agent is necessary and thus the printing cost increases. 
[0008] When the ink jet recording material is used for the label on which the recorded images are absolutely necessary 
to exhibit a high storage stability, there is a strong demand of applying a pigment ink to the label. When the pigment 
10 ink is used, the pigment ink images applied to a surface of the recording material must be immediately fixed to the 
recording surface. In a conventional fixing mechanism, the pigment particles are anionically dispersed in a ink medium, 
and a cationic component is contained in the ink receiving layer to agglomerate the anionically dispersed pigment 
particles with the cationic component. When the dye ink in which the dye is usually anionic is used, a large amount of 
the cationic component must be contained in the ink receiving layer However, when the pigment ink is used, and the 
cationic component is contained in too large an amount in the ink receiving layer, the pigment particles are rapidly 
agglomerated at the surface of the ink receiving layer and thus the ink cannot be uniformly distributed in the images, 
and a feathering phenomenon occurs to reduce the color density of the ink images. Therefore, the conventional ink jet 
recording material suitable for the dye ink printing system cannot record thereon pigment ink images having a high 
quality. 
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SUMMARY OF THE INVENTION 



[0009] An object of the present invention is to provide an ink jet recording material for recording thereon high dignity 
ink images containing a coloring pigment and having a high color density, by an ink jet recording system, for example, 
an ink jet recording printer or plotter, at a high printing speed, without blotting the ink images, and an ink jet recording 
method using the recording material. 
[0010] Another object of the present invention is to provide an ink jet recording material capable of recording thereon 
pigment-containing ink images having a high clarity and an excellent weathering resistance, and useful for industrial 
use in which the printed ink images must exhibit a high color density, a high water resistance, and a high color fastness 
30 to rubbing, and the recording material must have a high pigment ink-fixing performance, and an ink jet recording method 
using the recording material. 

[001 1] The above-mentioned objects can be attained by the ink jet recording material and the ink jet recording method 
of the present invention. 

[0012] The ink jet recording material of the present invention for recording thereon ink images containing a coloring 
35 material, comprises 

a support; and 

an ink receiving layer formed on the support and comprising a pigment comprising at least one member selected 
from the group consisting of an amorphous silica, alumina and alumino silicate and a binder, 
the ink receiving layer further comprising a cationic resin having a cation equivalent of 1.5 to 6 milli equivalent/g, 
determined by a colloid titration method. 



[001 3] In the ink jet recording material of the present invention, the cation equivalent of the cationic resin is preferably 
in the range of from 1 .5 to 5 milli equivalent/g, more preferably from 2 to 4 milli equivalent/g. 
45 [0014] In the ink jet recording material of the present invention, the cationic resin preferably comprises at least one 
selected from polyethylene imines, polyvinylpyridines, poly-dial kylaminoethy I methacrylates, poly-dialkylaminoethyl 
acrylates, poly-dialkylaminoethyl methacrylamides, poly-dialkylaminoethyl acrylamides, polyepoxyamines, polyamide- 
amines, dicyandiamide-formaldehyde condensation products, dicyandiamidepolyalky l-polyalkylenepolyamine conden- 
sation products, polymers of diallyldimethyl ammonium salts, polyvinylamines, polyallylamines polyallylamine salts, 
polyvinylamine salts, poly (oxyethy 1-1 -methylene)amine salts, polyvinylbenzylamine salts, polyacrylamido-propylmeth- 
ylamine salts, polydiallylamine salts, acrylamide-diallylamine salt copolymers, monoallylamine-diallylamine salt copol- 
ymers and polyaminedicyan polymers, more preferably polydiallyldimethyt ammonium salts. 

[0015] In the ink jet recording material of the present invention, the cationic resin preferably has a weight average 
molecular weight of 30 ; 000 or less. 

[0016] In the ink jet recording material of the present invention, the pigment for the ink receiving layer preferably 
comprises amorphous silica. 

[0017] In the ink jet recording material of the present invention, the pigment for the ink receiving layer is preferably 
in the form of particles having an average particle size of 4 to 15 urn. 
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[0020] In the ink jet recording material ol the preseni 

a coloring pigment. recording on the ink jet recording material of the present 
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-„mont ink is referred to as a recording melhod in which an 
ro0 22] The ink jet recording method using an aqueous P'9^nk » r-jwd ueous medlum is jetted in 

nTcontaining a coloring materia., preferably material to form pigment ink images 

the form of small droplets toward an ^^^Zt^ye ^. Thus, the quality of the recorded ink images is 
thereon, in the same manner as lor a ^^aU^^euec^g material. Generally the larger the amoun o 
greatly influenced by the ink-absorbing *» £ * Reiving layer. However, the increase in the amount o 

L ini! receiving layer, the ab^^«J^ ^ aM within the inS ide of the ink 

the ink receiving layer causes the amoun oT me ^co.or ng p y decrea se. 

receiving layer to increase and thus the colo. dens.ly ol lhe v ' s ' b '^ nk 9 (ecejvi laye , is deceased so as to 
W23 To'solve the above-mentioned problem, ^J^^'J^Z the ink deceiving layer, the blott.ng of 
Lse the coloring pigment of the ink to ^^^ ^Z fully absorbed by the ink receiving layer, the 

p^ i^^^ can be bonded - me ink 

S3 layer has a low ink-absorption capacity the T'^^^J^i occur when the pigment ink is used in 
However, it was confirmed that the ^^^^Z^s *me different from that of the dye ink. In 
p,ace of the dye ink. Namely, the %£> oUhe ink images can be enhanced by uniformly 

me ink jet recording method using the p.gmen nk ^ e ^ ol , he jnk rece iving layer. The pigment ink ,e 

arranging or placing the coloring pigment pa n cles £«he suriacep ^ pjgmenl cornponen t 

recording material must be able to uniformly rece.ve, at the sunace p component. 
oUhe pigment ink and to guickly absorb in the ^^^SL^^ on the pigment ink-receiving property 

s:s ss: 9 ^ s ; — ,ayer The present ,nvent,on was comp 

based on the linding. m . orifll n{ 1he DreS ent invention, the cationic resin having a 

; pigment ink images to blotting. j)jzin an ion -a S sociation reaction between 

1*27} The colloid titration method is ^"^^^Zec^ structure is dissolved in water to prepare a 
colloidal partic.es. Namely, an ionic P°*™\^* an ^amount of a sample of a target polymer hav.ng an ,on,c 
norma, solution having a fixed ion c ^ M ^eTr^Z7e6 in the unrts o, equrva.ent/g, namely, an -on amoun 

equivalent of a cationic resin can ^ determined. proced ure using a pigment ink, the ink jet recording 

[0028] The reasons for the fact that, ,n the ink ,et recording p ^ ^ _ g {q 6Q m|l „ 

Lena, having an ink receiving » ^;.°°^^ a ^^^ p.gment ink images having an exceUent colored 
^^^"Z^^ K» - - ye, been made completety dear. However, the 
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reasons are assumed to be as follows. 
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[0029] In the aqueous ink, to uniformly disperse the pigment particles in an ink liquid medium, an ionic structure is 
imparled to the coloring pigment molecules. Usually, anionic groups, 1or example, carboxylate groups are attached to 
the pigment molecules, and thus the anionic pigment particles can be ionically combined with a cationic substance. 
When the cationic substance is a polymeric material a molecule of the polymeric cationic material may be bonded 

5 with a plurality of the anionic pigment particles to form an agglomerate. It is assumed that the higher the cation equivalent 
of the polymeric cationic material the easier the agglomeration of the polymeric cationic material with an anionic ma- 
terial, for example, the anionic pigment particles. The cationic resin used in the conventional ink jet recording material 
has a high cation equivalent. In the case where the cationic resin having a cation equivalent more than 6 milli equivalent/ 
g is contained in an ink receiving layer, when pigment ink droplets jetted toward the ink receiving layer come into contact 

10 with the ink receiving layer, the pigment particles in the droplets are immediately bonded and agglomerated with the 
cationic resin in the ink receiving layer, and thus, it is assumed that the coloring pigment particles cannot be evenly 
distributed in the ink images applied onto the ink receiving layer to cause local inkless white spots to be formed in the 
ink images and the resultant ink images to exhibit a reduced color density. 

[0030] On the other hand, when a cationic resin having a cation equivalent of less than 1 .5 milli equivalent/g is used, 
75 substantially no agglomeration of the cationic resin with the anionic coloring pigment particles occurs, and thus it is 
assumed that the ink receiving layer containing the cationic resin cannot fix the anionic coloring pigment particles on 
or in the surface portion ol the ink receiving layer, and the applied ink images exhibit a poor resistance to blotting of 
the ink. 

[0031] The cationic resin usable for the ink receiving layer of the present invention preferably contains at least one 
member selected from, for example, polyelhylene-imines, polyvinylpyridines, poly-dialkylaminoethyl melhacrylales, 
poly-dialkylaminoethyl acrylates, poly-dialkylaminoethyl methacrylamides, poly-dialkylaminoethyl acrylamides, polye- 
poxyamines, polyamidepolyamines, dicyandiamide-tormaldehyde condensation products, dicyandiamidepolyalkyl- 
polyalkylenepolyamine condensation products, polymers of diallyldimethyl ammonium salts, for example, polymers of 
diallyldimethyl ammonium chloride salt, polyvinylamines, polyallylamines, polyallylamine salts, polyvinylamine salts, 
poly (oxyethy 1-1 -methylene)amine salts, polyvinylbenzylamine salts, polyacrylamido-propylmethylamine salts, polydial- 
lylamine salts, acrylamide-diallylamine salt copolymers, monoallylamine-diallylamine salt copolymers and polyaminedi- 
cyan polymers, and modification products of the above mentioned compounds. 

[0032] In the ink jet recording material of the present invention, an ink receiving layer having an excellent film strength 
can be obtained by using a polydiallyldimethyl ammonium salts such as polydiallyldimethyl ammonium chloride salt. 

30 [0033] When the ink jet recording material is used in a use in which the printed ink images are required to have a 
high resistance to rubbing and a high stability in storage, the ink receiving layer preferably contains a cationic resin 
having a weight average molecular weight of 30,000 or less. By controlling the weight average molecular weight of the 
cationic resin to 30,000 or less, the ink images recorded in the resultant ink receiving layer may exhibit a high color 
density and an excellent resistance to rubbing. 

35 [0034] For this purpose, the weight molecular weight of the cationic resin is more preferably 25,000 or less, still more 
preferably 21 ,000 or less, further more preferably 20,000 or less. There is no specific lower limit to the molecular weight 
of the cationic resin. Preferably, the weight average molecular weight of the cationic resin is 1,000 or more, more 
preferably 2,000 or more. The reasons for the fact that the cationic resin having a weight average molecular weight in 
a specific range contributes to enhancing the rubbing resistance of the ink images, have not yet been made completely 

^0 clear it is assumed that when the coloring pigment particles contained in the pigment ink droplets applied to the ink 
receiving layer are agglomerated to too high an extent on the surface of the ink receiving layer, a plurality of inkless 
spots are formed between the pigment particle agglomerates to reduce the color density of the ink images as a whole; 
since the amount of the coloring pigment particles penetrated into the inside of the ink receiving layer is reduced, the 
amount of the pigment particles left on the ink receiving layer surface become large and the resultant pigment images 

^5 exhibit a reduced resistance to rubbing; and as a result, when the pigment images are rubbed, the rubbed pigment 
images are erased. Also, it is assumed that the molecular weight of the cationic resin influences on the agglomeration 
of the anionic pigment particles. 

[0035] When the content of the cationic resin in the ink receiving layer is too low, the resultant ink receiving layer 
may cause the pigment ink images formed thereon to exhibit an unsatisfactory water resistance and an insufficient 
resistance to rubbing. Also, when the cationic resin content is too high, the resultant ink receiving layer may cause the 
pigment ink images formed thereon to exhibit a reduced color density and an insufficient resistance to rubbing, and 
may exhibit a reduced ink absorption, and thus a bleeding phenomenon, namely a blotting of the ink images, may occur. 
[0036] In the ink receiving layer of the present invention, the content of the cation resin is preferably 0.5 to 1 00 parts 
by weight, more preferably 5 to 80 parts by weight, still more preferably 10 to 50 parts by weight, per 100 parts by 
weight of the pigment contained in the ink receiving layer. When the cationic resin content is less than 0.5 parts by 
weight, the ink images received on the resultant ink-receiving layer may be blotted. Also, if the cationic resin content 
is more than 100 parts by weight, the ink-drying property of the resultant ink receiving layer may be reduced, while the 
color density of the recorded ink images may increase. 
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l0O37] Th e P „^ 

Sea Alumina and alumina si.icate. particularly sulfuric acid to produce a silicic acid so and 

in which a high purity siliceous sand is ol. another method in which the growth of sec- 

then a three dimensional agglomerate .s termed 1 rom the s d» c a lemperature and the content of ions or 

; ondary aggregates of the silica parses is -W^^^JlSL to precipriate; or a still another method ,n wh-ch 
by adding a surfactant to cause the resultant «~^^^ teB . % containing the amorphous si..ca parhc.es, 
s icontetrach.or.de ^decomposed to produc ^SJSSSSh"* an enhanced ink absorption. 
the resultant ink rece.ving .ayer of the .nk J*"™*^^ °< «» P resent ™ e *™ Z 
r00381 The pigment particles contained in the ink receiving Haye o y ^ average s|2e ,„ , he 

,o £2. s.ze o! ? to 20 pm, more preferably 4 »o ^^Z^l^ can exh.bit a satisfactory co.or density 
?ange of 1 to 20 pm, the ink images recorded on he resultant .«* j jnR recejvjng |ayef can allow the ink dots 

rfe rJttXttE^Z* causing the resu.tan, ink images to be formed w*h a 

^H^iwhenthea. 

may have a rough surface and thus a degraded appeal wc* hfl menl pamc ies, for example, the 

Sol To provide an .nk receiving layer having a sat factory " k a ^°£™ more 9 more pre , e rably 180 m./l00g or 
Shous silica particles, preferably have an m ,/g or more. There is no upper limit to 

more still more preferably 250 ml/tOOg or more, '^termore preferab y ^ g ^ ^ ^ gbsor 

» me o I absorpt.on of the amorphous silica particles. Genera *£ rp , he [esultant arTK > r phous silica part.c.es 
oTabou, 400%, « less are avai.ab.e. When the o l ab or *o *™ e ? n ^ 

may exhibit a. owdispersibility and cause ^"^J^^. si ii C a particles having the above-ment.oned I high 
silica particles to exhibit too h.gh a viscosity ™™ * e *™ * a cationic resin having a cation equrvalent of 45 to 
oil absorption are contained in the ink receiving I aye, pre erab.ya ^ ^ m 

8.0 mi... equ,va.ent/g is contained, in an ."^^^"Ei part ic.es. There is no l.mitation to the content ol 

receiving .ayer to improve the ^ b ^Zn^^ ° f 45 t0 " m "" ******** P** 1 ** 

the cationic resin. Usually, the cat.on,c resin having 8 cauo q am orphous silica particles, 

contained in an amount of 0.5 to 10 parts by ^^^^ the recorded ink images are not affected and 
[0041] As long as the resistance to blotting and ,h , ootor dens y ^ , 

he objects of the present .nvention can be attained, the i .nk ^ rece™ g y qJ ^ coatjng |jqu , d for 1he 

n add tion to the specific pigment of the present .nven .on to improve the co JP .^.^ prefefably 

ink receiving layer. The additional pigment usable for the .nk receding , y carbonate , clay , 

pr ses aUeast one member se.ected from inorganic P™"^^^^^^. magnesium carbonate, barium 
cSned day, diatomaceous earth, talc, '^^^^S^^^ organic pigments, for examp.e ««*- 

— — pi9ment ma,ena,s may be em " 

se.ected from water-so.uble polymers, '"^^^^^SJ^elS. for examp.e, gelatin and case.n, starch, 
modified po.yv,nyl alcoho.s and ca, '°^^ and cellulose derivatives, for example hy- 

starch derivatives, for examp.e, ox.d.zed starches^ and carboxymet hy. cellulose; and water- 

0044 The W conned in .he ,nh ,eee,»ng Bye- ol lh. p»~™ « V ^ „„„„ 

?hV!oO p»d. e» weigh,, ™. p»..,=W» « »^17*T,eeX »»« ™» «»"« »" 

^rrr,^rere,. 5 e™^ 

Sons eed deseed p.dp.dle. ol Id. -* -«e».n 9 W 
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[0046] The support for the ink jet recording material of the present invention is formed from at least one member 
selected from paper sheets, for example, acid paper sheets, neutral paper sheets, coated paper sheet and cast-coated 
paper sheets, plastic resin films (including paper sheets laminated at one or more surfaces thereof with a plastic resin), 
synthetic paper sheets (including those produced by drawing an undrawn film of a mixture of a thermoplastic resin with 

5 a filler, for example, an inorganic pigment to convert the undrawn film to a drawn film having a plurality of voids and 
thus a paper-like appearance and hand), transparent, semi-transparent and white plastic films, fabrics including non- 
woven fabrics and fabric composites and metal foils. The above-mentioned sheets, films, fabrics, and foils may be 
employed in a combination of two or more thereof. Also, the support optionally has an adhesive layer formed on a back 
surface thereof and/or can be decorated by printing or sticking. 

w [0047] When the support comprises a paper sheet, the pulp for the paper sheet may be selected from ground pulps, 
sulfite pulps, kraft pulps, semi-chemical pulps, chemiground pulps, refiner-ground pulps produced from, as a principal 
component, softwoods, for example, Japanese red pine, Japanese black pine, silver fir, fir and Japanese cedar, and 
hardwoods, for example, Japanese beech, birch and chinquapin, and waste paper pulps. 

[0048] When the support comprises a paper sheet, the paper sheet optionally comprises, in addition to the pulp, as 
is main components, a pigment including inorganic pigments, for example, clay, talc, calcium carbonate, calcined kaolin, 
aluminum oxide, aluminum hydroxide and titanium dioxide, and organic pigments, for example, urea resin; and/or an 
additional comprising at least one member selected from, for example, internally added sizing agents, for example, 
rosin, alkylketene dimer and alkenyl succinate, sizing agents, fixing agents, for example, aluminum sulfate and cationic 
starches, and paper strength-enhancing agents, for example, polyacrylamide polymers and starch. These additive 
20 agents are mixed inlo a pulp slurry. The mixed pulp slurry is subjected to a paper-forming procedure using a paper 
machine. Optionally, at least one surface of the paper sheet for the support is size-treated with a surface-sizing agent 
which may be selected from rosin-sizing agents, petroleum resins, starch and starch derivatives, for example, oxidized 
starches, acetylated starches and hydroxyethylated starches, polyvinyl alcohols and derivatives thereof, polymers of 
one of and copolymers of two or more of styrene, acrylate esters, olefins, maleic acid and vinyl acetate, alkid resins 
and polyamidcs which polymers are employed in the state of an aqueous emulsion or dispersion, and wax-sizing 
agents. Also, to control the thickness of the support, a conventional surface-pressing treatment using, for example, a 
machine calendar or a super calendar may be applied to the paper sheet for the support. 

[0049] The plastic resin film for the support for the present invention may be formed from thermoplastic resins such 
as polyester resins and polyolefin resins. The polyester resins include polyethylene terephthalate resins, polybutylene 
30 terephthalate resins and polycyclohexane terephthalate resins and the polyolefin resins include polyethylene, polypro- 
pylene, ethylenepropylene copolymer, and ethylene-vinyl acetate copolymer resins and resinous mixtures of two or 
more thereof. 

[0050] The above-mentioned film-forming resins may be used alone or in a mixture of two or more of the resins or 
at least one of the resins may be used together with at least one additional resin, selected from, for example, polystyrene 
3S and acrylate ester copolymers. 

[0051] The thermoplastic films may be ones formed from the resin and orientated in a longitudinal and/or a transverse 
direction of the films. 

[0052] The films for the support may be paper-like films produced by forming a blend of a thermoplastic resin with 
an inorganic fine particles into undrawn films and by orientating the undrawn films in at least one directions, preferably 

to biaxially. Also, in the present invention, two or more films may be laminated on one another to form a multi-layered 
support. The support may be a two or three-layered film laminate having front and/or back paper-like surface layer, or 
a 3 to 5 layered film laminate having a front and/or back surface-coated layer formed on the front and/or back paper- 
like surface layer. The multi-layered thermoplastic film sheet having at least one paper-like layer is referred to as a 
synthetic paper sheet. There is no limitation to the opaqueness of the synthetic paper sheet tor the support. 

45 [0053] The method for forming the ink receiving layer on the support is not limited to a specific method. The ink 
receiving layer can be formed by a conventional coaler, for example, bar coater, air knife coater, blade coater, die 
coater, curtain coater, gravure coater or a lip coater. 

[0054] In the ink jet recording material of the present invention, the ink receiving layer is preferably formed in an 
amount of 3 to 40 g/m 2 ; more preferably 8 to 30 g/m 2 . The coating amount of the ink receiving layer is established in 
consideration of the use of the resultant recording material and is not necessary to be large as long as the resultant 
ink receiving layer exhibits a satisfactory ink absorption, colored image-formation and a coating film strength. When 
the coating amount of the ink receiving layer is less than 3 g/m 2 , the resultant ink receiving layer may exhibit an insuf- 
ficient ink absorption capacity, an unsatisfactory resistance of the ink images to blotting, a low ink drying rate which 
may cause parts, for example a sheet -de livery roll, of the printer to be stained by the non-dried ink. Also, when the 
coating amount is more than 40 g/m 2 the resultant ink recording layer may exhibit a low mechanical strength and may 
be partially peeled off so as to block the ink jetting nozzle, and an economical disadvantage may occur due to the high 
cost of the thick ink receiving layer. 

[0055] The ink receiving layer of the present invention may have a single layered structure or a two or more-layered 
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(continued) 






Coating liquid- 1 


5 


Component 


Part by weight 




Binder comprising a completely saponilied polyvinyl alcohol (trademark: PVA 117, made by 
KURARAY K.K.) 


60 


10 


Example I-2 




[0065] The same woodfree paper sheet as in Example 1-1 was coated at the Iront surface thereof with a coating 
liquid-2 having the composition shown below and dried to form an ink receiving layer having a dry weight of 25 g/m 2 . 
An ink jet recording sheet was obtained. 


15 


Coating liquid-2 




Component 


Part by weight 


20 


Amorphous silica pigment having an average particle size of 1 2 pm and an oil absorption of 180 
ml/100g (trademark: SILICIA470 ; made by FUJI SILICIA K.K.) 

Cationic resin having a cation equivalent of 3.4 milli equivalent/^ and comprising dicyandiamide- 
formaldehyde (made by NIKKA KAGAKU K.K.) 

Binder comprising an incompletely saponified polyvinyl alcohol (trademark: PVA 420, made by 
KURARAY K.K.) 


100 
50 
30 


25 


Example I-3 






[0066] The same woodfree paper sheet as in Example 1-1 was coated at the front surface thereof with a coating 
liquid-3 having the composition shown below and dried to form an ink receiving layer having a dry weight of 15 g/m 2 . 
An ink jet recording sheet was obtained. 




Coating liquid-3 




Component 


Part by weight 


35 
40 


Amorphous silica pigmentQhaving an average particle size of 4.3 u,m (trademark: FINESIL X- 
45, made by TOKUYAMA K.K.) 

Amorphous silica pigment ©having an average particle size of 12 urn (trademark: SILICIA470, 
made by FUJI SILICA K.K.) 

Cationic resin having a cation equivalent of 3.5 milli equivalent/g and a molecular weight of 4,000 
and comprising diallyldimethyl ammonium chloride salt (trademark: UNISENCE CP-91 , made by 
SENCA K.K.) 

Silanol-modified polyvinyl alcohol (trademark: R-1130 : made by KURARAY K.K.) 

Vinyl acetate-ethylenc copolymer latex (trademark: SUMICAFLEX S-473, made by SUMITOMO 

KAGAKU KOGYO K.K.) 


50 
50 
35 

40 
5 



45 



[0067] In the mixture of the amorphous silica pigmentsQ)and(2) the average particle size was 8.2 u.m. 
Example I-4 

so [0068] A synthetic paper sheet (trademark: YUPO FPG-1 10, made by OJI YUKAGOSEISHI K.K.) comprising a poly- 
propylene resin and an inorganic pigment and having a three-layered laminate structure, in which a core base layer is 
interposed between front and back paper-like layers, and a thickness of 110 u,m was employed as a support sheet. 
[0069] A surface of the support sheet was coated with the same coating liquid-3 as in Example I-3 and dried to form 
an ink receiving layer having a dry weight of 15 g/m 2 . An ink jet recording sheet was obtained. 

55 

Example I-5 

[0070] An ink jet recording sheet was produced by the same procedures as in Example 1-1 , except that in the coating 
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r0O751 The cation equivalent « m« xed 
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reddish purple color. I he canon «h 
with the following equation. 

Cation equivalent (milli equivalent/g) 



„i««t7ttif>rt x PVSK titration amount 
- {[1/400 (equivalent/liter) x rv« 

PVSK tactor]/[0.4 (g/Hter) X 10 (ml)]} 



45 (ml) X 

X 1000 



rnn771 The PVSK factor was 1.108. 

K The measurement results are shown ,n Table 1 
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(1) Color density of printed ink images 



io 



15 



20 



[0080] A sample of the ink jet recording sheet was printed by an ink jet plottor (NOVA JET PRO, ink: GO ink, made 
by ENCAD Co.,) with each of a black-coloring ink, a yellow-coloring ink, a magenta-coloring ink and a cyan-coloring 
ink. The color density of the images of each coloring ink was organoleptically evaluated. 

[0081] The black-coloring ink comprised a black-coloring pigment comprising of a carbon black and a liquid medium 
consisting of 81 .8% of water and 18.2% of diethyleneglycol. The magenta-coloring ink comprised a pigment consisting 
of quinacridone magenta (CI Pigment Red 122) and a liquid medium consisting of 84.7% of water and 15.3% of dieth- 
yleneglycol. The cyan and yellow-coloring inks contained a cyan-coloring pigment and a yellow-coloring pigment, re- 
spectively. The color densities of the printed ink images formed trom each of the black, yellow, magenta and cyan 
coloring inks were organoleptically evaluated, by the naked eye, into the following four classes. 



Class 


Color density 


4 


Excellent 


3 


Practically sufficient 


2 


Slightly insufficient for practice 


1 


Insufficient for practice 



(2) Resistance of ink images to blotting 



25 



30 



35 



40 



45 



[0082] On each sample, cyan-coloring ink (100%) images and magenta-coloring ink (1 00%) images were superposed 
on each other by using the ink jet plotter (VOVA JET PRO, ink: GO ink, made by ENCAD CO.). The resistance of the 
images formed by the superposed cyan-coloring ink (100%) and magenta-coloring ink (100%) to blotting was orga- 
noleptically evaluated by the naked eye, into the following four classes. 



Class 



4 
3 
2 
1 



Blotting resistance 



No blotting of the superposed ink images is found. Excellent 

Slight blotting of the superposed ink images is found. Usable in practice 

Blotting resistance is slightly insufficient for practice. 

Blotting resistance is low. Not usable in practice 



(3) Peeling strength of ink receiving layer 

[0083] An adhesive tape was adhered on and peeled off from the surface of each ink receiving layer of the recording 
sheet. As an adhesive tape, a cellophane tape (made by NICHIBAN) was used. 

[0084] The resistance of the ink receiving layer to peeling off was organoleptically evaluated into the following four 
classes. 



Class 



4 

3 
2 
2 



Peeling off resistance 



Peeling off resistance is very high. 
Peeling off resistance is sufficient for practice. 
Peeling off resistance is slightly insufficient for practice. 
Peeling off resistance is insufficient for practice. 



(4) Appearance 



so 



[0085] The appearance of each ink receiving layer was organoleptically evaluated by the naked eye, into the following 
four classes. 



Class 



Appearance of ink receiving layer 



55 



4 

3 
2 



The ink receiving layer surface is very smooth and the appearance is very good 

The ink receiving layer surface is smooth and the appearance is good. 

The surface smoothness of the ink receiving layer is slightly insufficient for practice. 
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(continued) 



Coating liquid-6 (total solid content: 20% by weight) 


Component 


Part by weight 


10% aqueous solution of polyvinyl alcohol (trademark: PVA 105 : made by KURARAY K.K.) 
water 
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Tests 

[0092] Each of the ink jet recording sheets of Examples 11-1 and II-2 and Comparative Example 11-1 was printed by 
using NOVA JET plotter made by ENCAD CO. using GO inks (pigment inks) in a cyan color with a cyan coloring ink 
(100%), in a yellow color with an yellow coloring ink (100%), in a magenta color with a magenta coloring ink (100%) 
and in red color with yellow and magenta coloring inks (200%) superposed one each other each to form a solid image. 
The printed amount of the superposed yellow and magenta coloring inks was twice the printed amount of each of the 
yellow, cyan and magenta coloring inks. 

(1) Color density 

[0093] The color density of each solid colored image was determined by using a Macbeth color density meter (model: 
RD-914 : made by Macbeth Co.). For each color of the solid images, an appropriate filter was employed. 

(2) Ink absorption 

[0094] Immediately after the printing, the resultant ink images were brought into contact with a finger, to determine 
the ink absorption of the ink jet recording sheet. The tested ink absorption was classified in the following three classes. 



Class 



3 
2 
1 



Ink absorption 



Ink is fully absorbed and recorded ink images have no tacky feel. 
Recorded ink images are readable in practice, and have a slight tacky feel. 
Recorded ink images have a significant tacky feel and are unsatisfactory for practice. 



(3) Resistance of ink images to rubbing 

[0095] Recorded ink images on a recording sheet was fully dried for one day, and the dried ink images were rubbed 
with a finger A reduction in color density of the rubbed ink images and an adhesion of the ink from the ink images to 
the finger were observed and evaluated by the naked eye in the following three classes. 



Class 



3 
2 
1 



Resistance to rubbing 



No color density reduction is found, and no ink adheres to finger. 
Slight rubbing traces are found and no ink adheres to finger 

Significant rubbing traces are found and thus the ink images are unsatisfactory for practice. 



(4) Resistance of ink images to blotting 

[0096] Immediate after printing, the blotting of each of the images of each single coloring ink the superposed different 
two coloring inks was observed and evaluated by the naked eye in the following 4 classes. 



Class 



4 

3 
2 
1 



Blotting resistance 



Substantially no blotting of ink is found. 
A slight blotting of ink is found. 
A certain blotting of ink is found. 

A significant blotting of ink is found and the resultant ink images are unsatisfactory in practice. 



[0097] The test results are shown in Table 2. 
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in the form of particles having an average particle size of 4 to 15 pm. 

9. The ink jet recording material as claimed in claim 1, wherein the cationic resin has a cation equivalent of 2 to 4 
milli equivalent/g and is present together with an additional cationic resin having a cation equivalent of 4.5 to 8 
milli equivalent/g and the pigment. 

10. The ink jet recording material as claimed in any of claims 1 , 7, 8 and 9 : wherein the pigment has an oil absorption 
of 70 ml/100g or more. 

11. The ink jet recording material as claimed in claim 1, wherein the coloring material for the ink images is a coloring 
pigment. 

12. A method of ink jet recording on the ink jet recording material as claimed in any of claims 1 to 11 , comprising jetting 
imagewise ink droplets containing a coloring pigment toward a surface of the ink jet recording material. 
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